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Local island divertor (LID), which is expected as the 
next generation high performance divertor for LHD, will 
suffer high fluxs of heat and particles from plasma. For R & 
D of appropriate divertor materials enduring such severe 
environments, it is very useful to evaluate experimentally 
the erosion and damage by the real divertor plasma. The 
surface probe system was manufactured for such 
experiments and the preliminary experiments have been 
carried out at TRIAM-I M tokamak at Kyushu University by 
connecting the probe system (see Fig.l). 
One can put the material samples in the plasma 
without breaking the vacuum of the tokamak chamber by 
using the surface probe system. After the exposure to the 
plasma, the samples can be taken out at any time. The probe 
head is actively water-cooled and the temperature of the 
head and samples mounted on it can be monitored by 
thermo-couples. By using the surface probe system, sample 
materials were exposed to high temperature plasma of 
TRIAM-l M and the following results concerning 
plasma-material interactions were obtained. 
The plasma facing vessel walls of fusion devices are 
bombarded not only with plasma particles but also with 
neutral hydrogen atoms created in charge exchange 
collisions. It has been reported that some part of the neutrals 
having a high energy cause significant surface sputtering and 
internal damage of the vessel wall material. The atoms 
sputtered from the surface re-deposit on it and the surface 
may cover with such deposited materials if the re-deposition 
exceeds sputtering. It is not necessary that the material 
properties of the deposited layer is identical with the original 
vessel material. On the other hand, hydrogen bombardment 
may directly affect the wall material, if the erosion is 
dominant. It is expected in actual tokamaks that surface 
property is different from place to place depending on the 
local condition of these two factors, erosion and deposition. 
TRIAM-l M, superconducting high field tokamak, is 
very suitable for studies on plasma material interaction 
because of its very long duration plasma discharge . We have 
been performed collector probe experiments to understand 
the damage and modification of plasma facing surface by 
plasma-material interaction. 
To detect influence of hydrogen bombardment and 
deposition of impurity atoms, pre-thinned metal specimens 
fixed on the surface probe system were exposed to 
discharges in the scrape-off layer. Typical plasma parameters 
were the followings, Ip=20~25kA, fic ~2x I 018m,:;, 
228 
Ti=1.5~2.5keV. TEM observation made it clear that dense 
dislocation loops were formed even in Mo and W by 
exposing to the plasma for a few 10 minutes . This fact 
directly indicates that plasma facing materials suffer 
radiation damage by plasma discharge. According to the 
recent experiments, these damage was caused by energetic 
charge exchange neutral hydrogen atoms generated mainly 
in the lower half of the plasma. The mean flux of the 
energetic neutrals responsible for the damage was estimated 
to be 3xlO l7 m,2 S,I S(I . These radiation effects of energetic 
charge exchange neutral would occur more or less in any 
tokamaks. 
It is expected that such anisotropy generation of high 
energy neutrals may cause stronger sputtering at the bottom 
of the tours. In actual after installation of the Mo divertor 
plate at the bottom of the tours, the amount of Fe, Cr and Ni 
impurities, which are major elements of vacuum vessel 
material (304SS) decreased drastically and Mo becomes 
major metallic impurity after then. 
According to the TEM observation and EDS element 
analysis, a major element of the deposited layer in 
TRIAM-l M is Mo but its structure is peculiar; crystal 
grain size is about 1 nm and their crystal structure is not 
normal bcc but fcc-like because of co-deposited oxygen, 
which exists in plasma as residual impurities. The 
Mo-deposits formed in the low pressure oxygen atmosphere, 
which have the same structure of the deposit in TRIAM-l M, 
show very large and strong hydrogen retention. Implanted 
deuterium is desorbed not only as D2 and DH but also as 
D20 and DHO. The defective structure and the 
micro-caVItIes may contribute to the large hydrogen 
retention. The ratio of D/Mo reached 0.35 at high fluence. 
The present work indicates that re-deposition of 
sputtered elements on plasma facing surface is a serious 
problem even in a metallic tokamak. Due to its defective 
structure and involved oxygen, the deposited layer must 
trap large amount of hydrogen and may affect hydrogen 
recycling. One should pay more attention to the 
modification of plasma facing surface by the impurity 
deposition and its effects on the hydrogen behavior. This is 
particularly important for long pulse and steady state 
plasma. 
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Fig. 1. Surface probe system connected to TRIAM-I M. 
